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Abstract
Background. There is no sufficient literature on the effect of post location on endodontically treated pre-
molar teeth with 2 roots.
Objectives. The aim of the study was to evaluate the effect of fiber post location on fracture resistance and 
failure mode of endodontically treated premolars with 2 roots.
Material and methods. Fifty extracted maxillary first premolars with 2 roots were divided randomly 
into 5 groups. Group 1 was comprised of sound teeth, which received only metal crowns (control). Teeth 
from groups 2, 3, 4, and 5 were decoronated 2 mm above the cementoenamel junction (CEJ) and were en-
dodontically treated. No post was placed in group 2 teeth. Teeth from groups 3, 4 and 5 were given a fiber 
post placed in the buccal canal, palatal canal, and both buccal and palatal canals, respectively. All teeth in 
groups 2, 3, 4, and 5 were built up with composite and full coverage metal crowns. A compressive static 
load was applied at an angle of 25° to the crowns with a crosshead speed of 0.5 mm/min, until fracture.
Results. One-way analysis of  variance (ANOVA) showed significant differences among the groups 
(p  =  0.002). A  post hoc test showed significantly lower fracture resistance of  group 4 compared to 
group 5 (p = 0.011). Furthermore, group 2 had significantly less fracture resistance compared to group 1 
(p = 0.021) and group 5 (p = 0.002). According to Fisher’s exact test, different post locations are non-sig-
nificantly associated with fracture mode (p = 0.256).
Conclusions. Fiber post location has a significant effect on fracture resistance of severely damaged, endo-
dontically treated maxillary premolars with 2 roots. However, post placement in the palatal root is prefer-
red, as it maintains the restorability of the tooth.
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Introduction
Endodontically treated teeth are generally weaker and 
more prone to fracture compared to teeth that have not 
been root-filled, mainly due to loss of  tooth structure 
from caries, trauma, or previous restorations, and access 
to the root canal itself.1 Loss of tooth structure due to ac-
cess preparation results in increased cuspal deflection 
during mastication, which subsequently increases the 
possibility of cusp fracture and microleakage at the mar-
gin of  the restorations.2 It has been suggested that frac-
ture resistance of endodontically treated teeth is directly 
related to the remaining tooth structure, especially in the 
buccolingual dimension.3
Endodontically treated teeth can have a good progno-
sis and be restored to full function, even serving as an 
abutment for a fixed and removable prosthesis, when ad-
equate root filling quality is ensured and sufficient tooth 
structure remains to support the final restoration.4,5 
A  post is recommended when the remaining coronal 
tooth structure is insufficient to retain a core build-up 
to support the final restoration.6–8 Different prefabricat-
ed post systems have been introduced and successfully 
used in clinical situations, which decreases chairside 
time and reduces the cost on the side of the patient.9 The 
glass fiber post is a well-accepted treatment modality for 
the restoration of endodontically treated teeth due to its 
superior mechanical properties, such as uniform stress 
distribution, higher fracture resistance, superior opti-
cal properties, and a modulus of elasticity similar to that 
of dentine.10,11
Posts are able to protect teeth from fracture by dissipat-
ing or distributing forces along the tooth.12 Posts are also 
indicated to increase the retention of  the amalgam and 
composite core. However, not all endodontically treated 
teeth require a  post,2 and since posts do not reinforce 
such teeth,13 their use should be limited to those with 
inadequate tooth structure. In addition, preparing space 
for the post is associated with some risk.2 Although rare, 
the risk includes perforation in the apical portion of the 
root or into the lateral fluted areas of the mid-root, called 
“strip perforation”.14 The most common types of fractures 
in post-retained restorations are root fracture, loosening 
of the post and fracture of the post.15 Root fractures are 
most often unrestorable, which subsequently results in 
the extraction of the tooth.15
According to Gutmann, maxillary premolars often have 
marked tapering and thin roots, which increase the risk 
of root perforation and fracture.16 Additionally, furcation 
grooves or developmental depressions on the palatal side 
of  the buccal root also increase the risk of  endodontic 
and prosthodontic treatment fractures, because the aver-
age dentine layer at the deepest part of invagination was 
found to be too thin, equal to 0.81 mm.17 In a retrospec-
tive study of 468 teeth that had fractured in vivo, 78% were 
premolars, with 62% of these being maxillary premolars.18
Since maxillary first premolars normally have 2 roots, 
dentists may face a dilemma while choosing the canal to 
place the post in (buccal or palatal, or both buccal and pal-
atal). If possible, both canals of teeth with 2 roots should 
be utilized for post placement, since roots of premolars 
require bulk and length for the successful use of the post 
and core.19 To our knowledge, there has been no study on 
the effect of post location on endodontically treated pre-
molar teeth with 2 separate roots. Thus, this study was 
conducted to compare the effect of fiber post location on 
fracture resistance and failure mode of  endodontically 
treated maxillary first premolars with 2 roots.
Material and methods
Fifty non-carious, maxillary first premolars with 2 roots, 
extracted for periodontal reasons, were collected. All the 
teeth were disinfected in 0.5% chloramine-T solution for 1 
week according to ISO/TS 11405 (2003). The selected pre-
molars were examined under a  stereomicroscope at ×10 
magnification (SZX7; Olympus Corporation, Tokyo, Japan) 
to ensure fracture-free roots. All external debris was removed 
from the roots with an ultrasonic scaler (Peizon® Master 400; 
Electro Medical Systems, Nyon, Switzerland). Tooth dimen-
sions were measured using a digital caliper (Mitutoyo, To-
kyo, Japan); teeth with a length of 21.5 ±1 mm, root length 
of 14 ±1 mm, buccolingual width of 8 ±1 mm, and mesiodis-
tal width of 6 ±1 mm were selected. The teeth were randomly 
and equally divided into 5 groups to be restored as follows:
– group 1 – no post/core, only metal crown restorations 
(control);
– group 2 – root canal treatment, composite core, metal 
crown (control);
– group 3 – fiber post placed in the buccal canal, followed 
by composite resin core and metal crown;
– group 4 – fiber post placed in the palatal canal, followed 
by composite resin core and metal crown;
– group 5 – fiber post placed in both the buccal and palatal 
canals, followed by composite resin core and metal crown.
All teeth except for group 1 were decoronated 17  mm 
from the apical end of the root toward the crown by means 
of a horizontal cut, perpendicular to the long axis of  the 
root. Teeth in groups 2, 3, 4, and 5 were endodontically 
treated. An access cavity was established in a convention-
al manner by using an endodontic access bur (Dentsply 
Maillefer, Ballaigues, Switzerland). Specimens were pre-
pared using the step-back technique with K-files (Dentsply 
Maillefer). The working length was 1 mm shorter than the 
file length (16 mm). The master apical file used was size 
30. The canals were repeatedly irrigated after each filing 
with 3.0 mL of 1% sodium hypochlorite solution (NaOCl) 
(Clorox (Malaysia) Industries Sdn. Bhd., Kuala Lumpur, 
Malaysia). The teeth were obturated with gutta-percha cones 
(Dentsply Maillefer), using the lateral condensation tech-
nique and AH Plus®root canal sealer (Dentsply Maill efer).
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After the sealer had set, gutta-percha in groups 3, 4 and 
5 was first removed by a heated endodontic plugger un-
til canal orifices were seen. FRC Postec Plus® fiber posts 
(Ivoclar Vivadent, Schaan , Liechtenste in) size 0 with a di-
ameter of 0.6 mm were used. The post space was prepared 
with a low-speed matching drill, which corresponded to 
the FRC Postec Plus fiber post size. Finally, 4 mm of gutta-
percha was left at the apex of the canals, where the post 
was indicated.
A thin layer of  light-body, silicone-based impression 
material (Aquasil Ultra® XLV; Dentsply Maillefer) was 
first applied around the root surface to simulate the peri-
odontal ligament. Each tooth was then embedded in cold-
cure epoxy resin (Mirapox® – 230 A and B; Miracon Sdn. 
Bhd., Kuala Lumpur, Malaysia), using a  silicone mold 
2  mm below the cementoenamel junction (CEJ), 4  mm 
from the coronal surface, to simulate the bone level.
The post length was standardized at 15 mm. After trial 
insertion, the post was rinsed with normal saline, and then 
dried. First, adhesive (AdheSE® DC; Ivoclar Vivadent) 
was applied in the prepared canal and the coronal part 
of  the tooth. Then, the post was cemented with Multi-
Core® Flow dual-curing composite (Ivoclar Vivadent) 
according to the manufacturer’s instructions. A  matrix 
band was placed around the tooth to ease the core build-
up procedure. The composite resin was flooded into the 
matrix to form the core until the desired height of 6 mm 
from the CEJ level was reached, covering the coronal end 
of the post. The occlusal surface was light-cured for 40 s. 
The matrix band was then removed and an additional 40 
s of polymerization was subsequently performed on the 
surfaces around the core to ensure complete setting of the 
core material.
Each specimen was prepared to receive a metal crown 
(Wiron® 99; Bego, Bremen, Germany). In order to stan-
dardize the preparation convergence angle, a  diamond 
bur (998FG021 round-ended, tapered with a  guide pin; 
NTI-Kahla GmbH, Kahla, Germany) was attached to 
a high-speed rotary handpiece, which was fixed to a par-
alleling device (custom-made at the Department of Me-
chanical Engineering, Faculty of Engineering, University 
of  Malaya). A  guide pin at the tip of  the bur produced 
a standardized depth of the chamfer margin of 1 mm. The 
core height of 6 mm from CEJ was marked by using a digi-
tal caliper (Mitutoyo). Occlusal reduction was done using 
a high-speed diamond bur (S811-314-037-7-ML; Swisstec 
3D Akus AG, Uster, Switzerland) up to the marking line. 
A one-step impression technique was used to take the im-
pression of  the preparation specimens, using Impregum 
Soft Polyether Impression Material (Impregnum® Penta 
Soft ESPE; 3M, Maplewood, USA). The crowns were fab-
ricated using a non-precious alloy. The axial and occlusal 
thicknesses of the crowns were standardized to 1 mm and 
2  mm, respectively, using a  crown caliper and tungsten 
carbide burs. A small indentation, measuring 3 mm in di-
ameter and 1 mm in depth, was made on the buccal cusp, 
2 mm from the central fossa of each crown. The crowns 
were cemented using self-adhesive resin cement (Multil-
ink Speed®; Ivoclar Vivadent).
Each specimen in the resin block was fixed in a custom-
ized metal holder in a universal testing machine (Auto-
graph; Shimadzu, Kyoto, Japan), 25° to the crown (Fig. 1). 
A  compressive load was applied using a  stainless steel, 
round-ended loading rod, 3 mm in diameter, at a cross-
head speed of 0.5 mm/min. The load was applied on the 
palatal cusp, 2 mm from the central fossa. The compres-
sive load was applied until fracture occurred. The data 
was analyzed using SPSS software, v. 12 (IBM Corp., Ar-
monk, USA). One-way analysis of variance (ANOVA) was 
employed to compare the mean fracture loads. The sig-
nificance value was set at p = 0.05. The multiple compari-
sons post hoc Bonferroni test was used to detect signifi-
cant differences among the groups. The fracture pattern 
of each specimen was recorded. The fracture mode was 
classified into either restorable or unrestorable. Fractures 
occurring as complete or partial post and core debonding, 
or a post-core-tooth complex fracture above the epoxy 
resin level were considered restorble. The unrestorable 
fracture modes were represented by those specimens that 
displayed a post/core/root fracture below the epoxy resin 
level, vertical root fractures, or cracks below the epoxy 
resin level.
Results
The means of the fracture load and frequencies of frac-
ture modes for all groups are presented in Table 1. The 
Shapiro-Wilk test indicated that the dependent variable 
was normally distributed (p  >  0.05). One-way ANOVA 
showed that statistically significant differences between 
the groups (p = 0.002). The post hoc test showed no sig-
nificant differences between group 3 and group 4. Howev-
er, teeth with a post in the palatal canal (group 4) showed 
Fig. 1. The position of a specimen in a customized metal holder 
in a universal testing machine for static loading at 25°
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lower fracture resistance compared to those restored 
with posts in both the buccal and palatal canals (group 5) 
(p = 0.011). In addition, group 2 (teeth without a post) had 
significantly less fracture resistance compared to group 1 
(sound teeth) (p = 0.021) and group 5 (p = 0.002).
As regards failure mode, 40–60% of the endodontically 
treated maxillary premolars restored with a  fiber post 
failed catastrophically. According to the results of a series 
of Fisher’s exact tests, different post placement is non-sig-
nificantly associated with fracture mode (p = 0.256).
Discussion
The main disadvantage of using human teeth in studies 
conducted in vitro is the difficulty of specimen standard-
ization due to different physical and mechanical proper-
ties of teeth, the morphological variation of the pulp, the 
aging of the tooth, and the presence of micro-cracks in the 
dentine.20 Therefore, teeth with similar mesiodistal and 
buccolingual dimensions at CEJ were chosen rather than 
teeth with a similar crown height. However, standardizing 
the root morphology and anatomy was an enormous chal-
lenge, which might have affected the results of the study. 
In the tested groups, teeth were decoronated approx. 
2 mm above CEJ to simulate the worst-case scenario with 
substantial loss of tooth structure, whereby the post must 
be indicated to retain the core. This was also to provide 
a 2-millimeter ferrule height, as recommended by other 
studies.21,22 In the present study, teeth were loaded on the 
palatal cusp, 25° to the long axis of the tooth, to simulate 
the presence of non-working side interference.23
Many studies have shown that a high percentage of den-
tists believe that posts do strengthen endodontically 
treated teeth.24–26 The present study demonstrated that 
teeth restored with fiber posts, resin cement, composite 
core, and a  crown were more resistant to fracture than 
those without a post. This showed that fiber posts might 
strengthen severely compromised, endodontically treated 
premolars. The results of the present study were also in 
agreement with previous studies, which found that the 
absence of  a  post decreased fracture resistance of  end-
odontically treated teeth.27,28
However, when a  fiber post was placed in the palatal 
root canals, fracture resistance was not significantly high-
er compared to the roots without a  post. This implied 
that a  post placed in the palatal root canal of  maxillary 
premolars might not provide resistance to fracture when 
the force was directed on the same cusp (non-working 
side interference). The current study also demonstrated 
that a  ferrule alone, without a post, could not resist the 
fracture when the load was applied on the palatal cusp. 
However, Zicari et al. demonstrated that there was no dif-
ference in fracture resistance between the premolars re-
stored with and without fiber posts when a 2-millimeter 
ferrule was present. This disagreement might be referred 
to the use of only single-rooted premolars in that study.29
In the current study, teeth with a post in the palatal ca-
nal showed lower fracture resistance compared to those 
restored with posts in both the buccal and palatal canals. 
This can be attributed to the morphology of the buccal 
root. It was stated that placing the post in the buccal 
root of bifurcated maxillary premolars must be avoided, 
as root canal preparation and post preparation resulted 
in lesser residual dentin thickness.30 Since the eccentric 
force was applied in this study, most of the stress was on 
the buccal root and with no post placed to support the 
buccal root, and the residual tooth structure was inad-
equate to resist the fracture load. However, placing the 
posts in both the buccal and palatal root canals supports 
the lesser dentin thickness in the buccal root and enhanc-
es fracture resistance.
Even 40–60% of  the endodontically treated maxillary 
premolars restored with a  fiber post in this study failed 
catastrophically, and the group with a  fiber post placed 
in the palatal canal showed a higher percentage of restor-
able failure (60%). This could be attributed to the direc-
tion of the force exerted on the palatal cusp, which means 
that the palatal post is closer to the fracture fulcrum, and 
thus receives less stress compared to the post placed in 
the buccal canal. However, normal intraoral masticatory 
forces are estimated to range between 500 and 600 N.31 
Therefore, the results of this study suggest that prefabri-
cated fiber posts can safely be used in maxillary premo-
lars with 2 roots, as fracture resistance proved to be well 
above 600 N.
Table 1. Comparison of fracture loads and failure modes among the groups




restorable n (%) unrestorable n (%)
Control (sound teeth)c 1215.9 ±320.7
4 (5.13) 0.002
3 (30.0) 7 (70.0)
Control (no post)b,c 745.46 ±265.6 8 (80.0) 2 (20.0)
Fiber post in buccal canal 1224.1 ±507.4 4 (40.0) 6 (60.0)
Fiber post in palatal canala 937.2 ±128.3 6 (60.0) 4 (40.0)
Fiber post in both buccal and palatal canalsa,b 1259.5 ±220.1 3 (30.0) 7 (70.0)
Data is presented as mean ± standard deviation (SD) or number (percentage). df – degrees of freedom; * one-way analysis of variance (ANOVA); 
a group 4 vs group 5 (p = 0.011); b group 2 vs group 5 (p = 0.002); c group 2 vs group 1 (p = 0.021). 
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The design of the present study attempted to simulate 
true clinical situations; however, it is difficult to interpret 
the results directly for clinical practice. This is due to 
some limitations, including the fact that it was an in vitro 
investigation, which could not fully replicate the dynam-
ics of  oral conditions. Furthermore, a  static load which 
was applied on 1 point in a  monostatic pattern did not 
represent intraoral conditions. This study evaluated only 
maxillary first premolars, and thus the results may only be 
applied to that group of teeth.
Conclusions
Within the limitations of this study, fiber post location 
has a significant effect on fracture resistance of severely 
damaged, endodontically treated maxillary premolars 
with 2 roots. However, post placement in the palatal root 
is preferred, as it maintains the restorability of the tooth.
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